Introduction {#sec1}
============

A typical unpleasant rotten egg smell is the odor characteristic of hydrogen sulfide (H~2~S), a compound commonly found in terrestrial and biological ecosystems.^[@ref1]−[@ref3]^ An exact redox balance between reactive oxygen species (ROS) and reactive sulfur species (RSS) is essential for the active maintenance of cellular processes such as cell proliferation,^[@ref4]^ differentiation, and apoptosis.^[@ref5]^ H~2~S is a RSS as well as a reducing agent. Therefore, any imbalance in biological H~2~S levels is detrimental to the immunological well-being of organisms.^[@ref6]^ Common consequences of this imbalance include peroxidation, DNA damage,^[@ref7]^ carcinogenesis,^[@ref8]^ Alzheimer's disease,^[@ref9]^ gastric mucosal injury,^[@ref10]^ stroke, diabetes,^[@ref11]^ Down's syndrome,^[@ref12]^ liver cirrhosis,^[@ref13]^ and even death.^[@ref14]^ H~2~S is known as the third most abundant gas transmitter following nitrous oxide (NO) and carbon monoxide (CO).^[@ref15],[@ref16]^ The presence of H~2~S in vivo and in vitro is essential for the smooth conductance of a diverse array of imperative biological processes such as regulation of vascular tone via the adenosine triphosphate-sensitive potassium channel, myocardial contractility, neurotransmission by the integration of antioxidant and insulin secretion.^[@ref17]−[@ref20]^ H~2~S also has an obligatory role in the modulation of the nervous, respiratory, gastrointestinal, and endocrine systems.^[@ref21]−[@ref24]^ The proliferation of H~2~S inside living cells is due to the following three enzymes: 3-mercaptopyruvate sulfurtransferase, cystathionine-*b*-synthase, and cystathionine-*b*-lyase, which catalyze cysteine and homocysteine to produce H~2~S, and due to some nonenzymatic processes.^[@ref25]−[@ref28]^ Though H~2~S is an important compound in biological processes, at higher levels, it is quite harmful.^[@ref29]^ The estimated tolerable concentration of H~2~S in physiology lies within the nanomolar--millimolar range.^[@ref30]^ Apart from biological applications, there is the widespread use of H~2~S in industries such as in the production of sulfur (element) and sulfuric acid, inorganic sulfides for dyes, rubber, pesticides, plastic additives, polymers, and leather manufacturing. Besides, H~2~S is also used in the purification of transition metals and inorganic acids, treatment of metallic surfaces, production of heavy water, and utilized as an additive in lubricants. There is a growing need to develop molecular probes for the qualitative and quantitative detection of H~2~S at the macroscopic and microscopic levels.

Most of the institutional methods possess some major disadvantages such as troublesome sample preparation procedures, sophisticated instrumentation, and high maintenance cost. In contrast, optical chemosensors, precisely fluorescent chemosensors have monumental advantages such as easy usage, simple synthetic procedure, naked-eye visualization, cost-effectiveness, real-time applicability, fastness, mostly noninstrumental, and portability.^[@ref28]−[@ref30]^

In recent times, Wang and Liu have reported the significance of the aggregation-induced emission (AIE) probe for bioimaging, drug delivery, and cancer theragnostics.^[@ref31]^ Though fluorescent materials received ample attention in biomedical research, the aggregation-caused quenching (ACQ) effect at high concentrations or in the aggregated state of the fluorophore has greatly limited their biomedical applications. Fluorescent materials with the AIE effect show exactly the opposite effect of the ACQ and exhibited significant advantages in terms of tunable emission, excellent photostability, and biocompatibility. Therefore, the effect of solvent in sensing or imaging application is omnipresent. Numerous reports have been listed on H~2~S detection based on various metal--organic frameworks, luminophores, nanoparticles, biomolecules, metal complexes, and hetero-organic receptors which mostly followed a chemodosimetric mechanism.^[@ref32]−[@ref41]^

On this note, here, we report an organic sulfone (pyrene-based sulfonyl hydrazone, PBSH), which is selective and specific for H~2~S in an aqueous medium with optimum sensing efficiency without any external interference from competing analytes, ROS, and RSS. The receptor PBSH has significant advancement over recently published receptors ([Table S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

Results and Discussion {#sec2}
======================

The receptor PBSH was synthesized in 90% yield and characterized by infrared (IR) spectroscopy, ^1^H and ^13^C nuclear magnetic resonance (NMR) spectroscopy, electrospray ionization--mass spectrometry (ESI-MS), and single-crystal X-ray diffraction (XRD) spectroscopy methods ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). The synthesized receptor PBSH has an interesting molecular framework that consists of an intense signaling unit like pyrene moiety and a detecting site for analytes such as sulfonamide, which is susceptible to reduction. The receptor was examined for anion, cation, and reactive species selectivity in aqueous media using ultraviolet (UV)--visible, fluorescence, and ^1^H NMR spectroscopic techniques. The obtained results are documented in subsequent sections.

![Schematic Synthesis of Receptor PBSH](ao0c02963_0009){#sch1}

Single-Crystal Studies {#sec2.1}
----------------------

The compound PBSH was characterized by single-crystal XRD which confirms that the compound crystallizes in monoclinic space group *P*2~1~/*c* with a unit cell volume of 2184(10) Å^3^ having four molecules within. The molecular structure is depicted in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a, which indicates the near-planar arrangement of the pyrene ring with the sulfonylhydrazide plane (the torsion angle is only 10.2(4)°) containing sp^2^-hybridized nitrogen sites. On the contrary, the normal of the toluene sulfonyl moiety assumes a near-perpendicular arrangement with that of the pyrene ring plane with an angle of 105.0(3)°, which in turn leads to the overall "L" shape of the molecule. The overall packing of the molecules in the unit cell involves an interesting head-to-tail overlap among two of such molecules, which are stabilized by an extensive but incomplete π--π stacking interaction of only the two six-membered rings of the four annulenes ([Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)); this originated from the overall rather skewed parallel orientation of the pyrene rings (with a dihedral angle of 0.0(0)° and an inter-ring twist angle of 0.0(14)°; however, pyrene rings are substantially shifted by 1.75(1) Å with an overall centroid--centroid distance of 3.97(1) Å) ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b). However, two of the six-membered rings of four annulenes are strongly involved in two major types of π--π stacking interactions, as enunciated by [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c (the ring centroid--centroid distance is 3.67(2) Å with an inter-ring shift distance of 0.78(2) and 0.82(2) Å, respectively) and [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d (the ring centroid--centroid distance is 3.95(2) Å with an inter-ring shift distance of 1.82(2) and 1.64(2) Å, respectively). The bimolecular π--π assembly is further stabilized by intermolecular π--π stacking interactions involving the parallelly oriented toluene moieties which represent the shorter arm of "L" (with a dihedral angle of 0.0(3)° and an inter-ring twist angle of 0.0(11)°; however, pyrene rings are substantially shifted by 1.86(2) Å with an overall centroid--centroid distance of 4.22(1) Å). Therefore, there is an effective π--π stacking interaction network that is extended to two dimensions to generate alternative hydrophobic layers that sandwich a lesser intense hydrophilic layer comprising sulfonylhydrazide moieties ([Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). The hydrophilic layer is stabilized by intermolecular hydrogen bonding interactions of the sulfonyl groups with the hydrazide groups (medium-strength hydrogen bonding with a D--A distance of 2.89(1) Å). The detailed crystal structure can be obtained free of cost from CCDC by quoting the depository number, CCDC---1848349. These mutual intralayer stabilizations of the hydrophobic and hydrophilic moiety assemblies of the molecule lead to a very interesting "hydrophilic--hydrophobic--hydrophilic"-type double-layered packing structures, as depicted in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b. These pertinent orientations of the double-layered structure bear surprising similarity to the biological cell wall ([Figure S3](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). The compound exhibits strong fluorescence in the solid state, which can be attributed to the very intense hydrophobic assembly of the pyrene rings, segregated by the hydrophilic layers.

![(a) Ellipsoidal representation of the molecular structure of PBSH; (b) crystal packing of the molecule resembling the bilayered structure, with the view of the (3 × 3) supercell along the (011) direction; (c,d) pictorial depiction of two different modes of π--π stacking interactions in between the pyrene moieties of PBSH.](ao0c02963_0001){#fig1}

Solvent Effect {#sec2.2}
--------------

The chemical and optical behavior of organic compounds is intrinsically dependent on the polarity of the medium. To ascertain the effect of polarity of the solvents on PBSH, solutions of 3 mL of 25 μM in various solvents such as water, dimethyl sulfoxide (DMSO), dimethylformamide (DMF), acetonitrile (ACN), ethanol (EtOH), methanol (MeOH), acetone, tetrahydrofuran (THF), dichloromethane (DCM), and toluene were prepared ([Table S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). Naked-eye observation and emission under a long-wave UV light is depicted in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}. It is obvious from naked-eye observations that a discernible light yellow color is produced only in DMSO and DMF. As far as emission is concerned, an intense green fluorescence is observed only in water. Other solvents produce a blue fluorescence.

![Images under a long-wave UV light and the naked-eye observation of various solvent interaction with PBSH in the order of decreasing polarity (A. water, B. DMSO, C. DMF, D. ACN, E. EtOH, F. MeOH, G. Acetone, H. THF, I. DCM, and J. Toluene). Photograph courtesy of "Sanay Naha". Copyright 2020.](ao0c02963_0002){#fig2}

From [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}, it is evident that the optical properties of PBSH differ in water in comparison to the other solvents. The electronic and fluorescence responses were recorded for all the solutions of PBSH. In the UV--visible spectrum, the absorption maxima shift by about 20 nm as the polarity is gradually increased (from toluene, λ~max~ at 360 nm, to −water, λ~max~ at 382 nm). In the emission spectrum, a large red shift of 100 nm is observed as the polarity is increased (from toluene, λ~em~ at 427 nm, to water, λ~em~ at 522 nm) ([Figure S4](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). Polarity plays an important role in the emission output of the receptor PBSH. As the highest polarity solvent (water) resulted in green emission while other polarities resulted in blue emission, it is of keen interest to examine the effect of an aqueous--organic mixed solvent system on the emission of PBSH. A series of glass vials containing 50 μM of PBSH have been filled with various ratios of water and DMSO solvent ranging from 100% water to 100% DMSO. The increment factor for DMSO is 10% in the successive stage. From the naked-eye image, it is observed that the solution of PBSH in 100% DMSO shows a yellowish color, which disappeared after 40% water content in the solution. In the image under UV light, it is self-explanatory, as upon increasing the water content in DMSO, the emission color, as well as the intensity, gets altered, and in 100% water, the emission is intense green ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a). Electronic spectra of the solutions followed a pattern in shifting the λ~max~ from 360 to 382 nm for 100% DMSO to 100% water ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b). In the emission spectrum, a periodic change in λ~em~ is observed with a 100 nm Stokes shift ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}c) ([Figure S5](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). As a large fluorescence enhancement is observed in water, it is the most desirable solvent for sensing applicability; all photophysical studies were carried out in 100% water medium.

![(a) Naked-eye color change and the change under a long-wave UV light, (b) electronic spectra of all solutions starting from 100% water to 100% DMSO, and (c) fluorescence intensity comparison of all solutions at two different λ~em~ 427 and 522 nm. Photograph courtesy of "Sanay Naha". Copyright 2020.](ao0c02963_0003){#fig3}

Visual Selectivity for H~2~S {#sec2.3}
----------------------------

For an optical receptor, an observable fluorescence response must be produced by either a "switch on" or "switch off" process. This response demonstrates the selectivity and specificity of the receptor toward an analyte. To examine the anion selectivity, first 2 equiv of all anionic species such as CN^--^, F^--^, Cl^--^, Br^--^, I^--^, AcO^--^, HSO~4~^--^, HPO~4~^2--^, NO~2~^--^, NO~3~^--^, OH^--^, S~2~O~3~, CO~3~^2--^, SCN^--^, SO~3~^2--^, O~2~^--^, and IO~3~^--^ were added to 3 mL of 25 μM solution of PBSH in the water medium. There were no observable color change and emission property. Hence, it can be concluded that anions do not influence the optical properties of PBSH ([Figure S6](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

In the case of cations, to 3 mL of 25 μM solution of PBSH, 2 equiv of cations such as Ca^2+^, Mg^2+^, Ag^+^, Fe^3+^, Al^3+^, Hg^2+^, Co^2+^, Cd^2+^, Cr^3+^, Cu^2+^, Fe^2+^, Ni^2+^, Au^3+^, Pb^2+^, Zn^2+^, and Mn^2+^ were added. Cations too did not show any interaction with PBSH. However, as soon as H~2~S/(HS^--^) was added to PBSH, the emission was quenched by 7-fold. It can, therefore, be said that the interaction of the receptor with H~2~S produces fluorescence quenching ([Figure S7](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

As PBSH interacts with H~2~S via fluorescence quenching, the effect of other RSS on the optical properties of the receptor was examined. To ascertain RSS selectivity, 3 mL of 25 μM solution of PBSH was treated with 2 equiv of RSS such as H~2~S, citrate, cysteine, homocysteine, and glutathione (GSH), and ROS such as hydrogen peroxide (H~2~O~2~), HOCl, and *tert*-butyl hydroperoxide (*t*-BuOOH). Among all the added reactive species, H~2~S is the only analyte that can specifically interact with PBSH ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}). Therefore, it is recognizable that PBSH is specific and selective for H~2~S.

![Image of the selectivity experiment of PBSH for H~2~S among all RSS (*i.e.,* H~2~S, citrate, cysteine, homocysteine, GSH, H~2~O~2~, HOCl, and *t*-BuOOH) via turn-off the response of green fluorescence. Photograph courtesy of "Sanay Naha". Copyright 2020.](ao0c02963_0004){#fig4}

Electronic and Fluorescence Response {#sec2.4}
------------------------------------

The electronic spectrum of PBSH with RSS was recorded. The spectra for PBSH and PBSH + RSS appear similar, and there is hardly any observable change in the electronic spectrum. However, in the emission spectrum, a 7-fold quenching of green fluorescence of PBSH along with a 30 nm blue shift of λ~em~ by H~2~S is observed in water, which is supported by density functional theory calculations ([Figure S8](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). The quenching of fluorescence can be attributed to the cleavage of the molecular framework to its smallest nonemissive material. A sequential fluorometric titration of PBSH by H~2~S shows a saturation of the receptor at 1 equiv. During titration, the blue shift of λ~em~ is observed. Interference studies also reaffirm the selectivity and specificity of the receptor toward H~2~S. Similarly, an interference experiment was carried out to justify the selectivity of the receptor PBSH toward H~2~S even in the presence of other competing RSS, which is evident from the plot ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}).

![Spectroscopic responses of PBSH in the presence of RSS. (a) UV--vis response of PBSH with all RSS in the water medium, (b) emission of PBSH in the presence of various RSS on excitation at 382 nm and a slit width of 5 nm for both excitation and emission, (c) incremental titration of PBSH by H~2~S aqueous solution, (d) plot of concentration of H~2~S in sequential addition vs fluorescence intensity at 522 nm, and (e) interference study of PBSH selectivity for H~2~S over other RSS (1. only PBSH, 2. citrate, 3. cysteine, 4. homocysteine, 5. GSH, 6. H~2~O~2~hydrogen peroxide, 7. HOCl, and 8. *t*-BuOOH).](ao0c02963_0005){#fig5}

pH Effect in Sensing {#sec2.5}
--------------------

The sensitivity and effectiveness of a receptor at various pH values are some of the prime aspects to look at. Biological, as well as real-time, applicability of a receptor invariably depends on the pH of the governing medium. Detection and bioimaging of H~2~S in acidic pH are some of the challenging aspects. To examine the pH effect, 3 mL of 25 μM solution of PBSH at various pH values was prepared using phosphate-buffered saline (PBS) buffer, and emission of each pH solution was recorded before and after the addition of H~2~S in all solutions. PBSH shows an intense green emission in the pH range from 4 to 10, but as the pH goes beyond 10, instead of the green emission a bluish emission is observed ([Figure S9](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). In the emission spectrum of PBSH at various pHs before and after the addition of H~2~S, a blue shift of 45 nm has been observed with a decrease in intensity within the pH range 4--9. Therefore, PBSH is efficient within a wide range of pH 4--9 and can be used for in vivo cellular imaging for H~2~S ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}).

![(a) Fluorometric responses of only PBSH and PBSH + H~2~S at various pHs. (b) Comparison of fluorescence intensity before and after the addition of H~2~S in respective pH solutions of PBSH.](ao0c02963_0006){#fig6}

Quantification of H~2~S {#sec2.6}
-----------------------

The limit of quantification (LoQ) and limit of detection (LoD) stand to describe the lowest concentration of an analyte that can be reliably measured by an analytical method. As the sensing method is found to be chemodosimetric, binding constant calculation is not applicable as no stable binding takes place. The LoD and LoQ for H~2~S are found to be 18 and 68 nM, respectively. The quantum yield of the entire process has been calculated with respect to rhodamine B as a reference. The quantum yield (ϕ) for only PBSH is 14-fold greater than PBSH + H~2~S, which are 0.42 and 0.03, respectively ([Figure S10](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

Sensing Mechanism {#sec2.7}
-----------------

The presence of a sulfonamide group imparts solubility to the PBSH molecules in water, alongside the π--π stacking of the pyrene ring, which is the driving force for the intense green emission in water. Upon reaction with H~2~S, the sulfonylhydrazide moiety beaks to the hydrazide moiety which leads to the release of toluene and SO~2~; subsequently, the intermolecular π--π stacking in between the bimolecular π--π assembly breaks down, which in effect leads to the quenching to the fluorescence intensity, which is further supported by the lifetime experiment of H~2~S detection ([Figure S11](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). To ascertain the sensing mechanism of PBSH, the ACN--water solvent mixture has been used over DMSO--water, as the reaction time, product separation and isolation, and workup of the reaction are economical and easy to do in the ACN--water mixture. The reaction between PBSH and H~2~S was carried out in the ACN--water mixed solvent maintained at a 1:1 ratio. The progress of the reaction was monitored using thin-layer chromatography. Upon standing at room temperature for another 1 h to allow for complete precipitation, a bright yellow color precipitate was observed and filtered. The dried precipitate was characterized using ^1^H NMR and ^13^C NMR spectroscopy ([Figures S12 and S13](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)). On comparing the NMR data of the receptor PBSH and H~2~S-treated PBSH, we could see obvious differences, that is, the peaks at 2.36 ppm (for the methyl functional group) and 8.89 ppm (for secondary −NH) do not appear in the ^1^H NMR spectra of PBSH + H~2~S, but a new peak at 7.03 ppm (for primary −NH~2~) is observed. The peaks, as well as the proton counts in the aromatic region, got decreased because of the removal of the toluene group. These data are well supported by ^13^C NMR data. Hence, the sensing mechanism is confirmed as the reductive removal of SO~2~ from sulfonamide, which results in toluene and pyrene hydrazide ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}).

![Proposed reductive chemodosimetric sensing mechanism of H~2~S.](ao0c02963_0007){#fig7}

Application of PBSH {#sec2.8}
-------------------

The utility of a receptor is justified until and unless it is reliably applicable in real-time conditions. To prove PBSH authenticity in H~2~S detection and estimation, PBSH has been applied for endogenous as well as for exogenous confocal fluorescence imaging of HeLa cells, followed by fluorescence imaging of zebrafish. The results are as follows.

Endogenous Imaging of HeLa Cells and Zebrafish {#sec2.9}
----------------------------------------------

HeLa cells were obtained from the Food Industry Research and Development Institute (Taiwan). The cell culture condition is maintained using Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum at 37 °C under 5% CO~2~ and 18 mm glass coverslips for plating. After 24 h, the cells were washed with PBS and thereafter kept for 30 min incubated with 20 μM R in 2 mL DMEM. After washing the excess "PBSH" with PBS, the treated cells were incubated with 150 μM GSH for endogenous H~2~S production and 40 μM H~2~S solution for exogenous detection separately and allowed another 30 min incubation. To examine H~2~S uptake, the cells were treated with 2 mL of 1.0 mM H~2~S (10 μM) in sterilized PBS (pH 7.4) and incubated at 37 °C under 5% CO~2~ environment for 30 min. After washing excess H~2~S from the treated cells, culture medium (2 mL) was added to the cultured cells, followed by a 10 mM solution of "PBSH" in water and incubated for another 30 min. The treated cells were washed with PBS 3 times and examined. From the image ([Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}a), it is evident that "PBSH" has excellent permeability through the HeLa cell membrane and has intense green fluorescence. PBSH is capable of showing intense green emission in cellular conditions, which are concluded from the sections Solvent Effect and pH Effect. The endogenous formation of H~2~S leads to the quenching of green emission of PBSH, which is repeated by the external addition of H~2~S. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay result is strongly supported because nontoxicity of PBSH to 20 μM concentration of PBSH in water cell viability is observed to be nearly 90% ([Figure S14](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

![Bioapplicability of PBSH for H~2~S detection. (a) Endogenous and exogenous HeLa cell imaging and (b) zebrafish imaging. Photograph courtesy of "Natesan Thirumalaivasan". Copyright 2020.](ao0c02963_0008){#fig8}

The receptor PBSH is also applied for fluorescence zebrafish imaging. The eggs of zebrafish were subjected to a 3-day maturation period and subsequently used for confocal fluorescence imaging experiments. First, the zebrafish were placed in 2 mL of 20 μM solution of the receptor PBSH to allow for smooth intake and then rested for 30 min at room temperature. After the standby period, the school of fish was washed 2--5 times with deionized water, and fluorescence images were recorded. The receptor is inherently emissive in the fish with an intense green emission. The cleaned fish were treated with 2 mL of 15 μM solution of H~2~S and allowed for another 30 min. Then again, after cleaning the fish, their fluorescence images were recorded. The fish show no emission, and the intensity of the green emission is quenched. These tests show that the receptor can be used as a "turn-off" H~2~S marker for in vivo applications and can precisely indicate the presence of H~2~S ([Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}b).

Conclusions {#sec3}
===========

In summary, the synthesized receptor "PBSH" shows selectivity toward H~2~S among all RSS and ROS in 100% water. The sensing mechanism is proved to be chemodosimetric reductive elimination of SO~2~, which is well supported by the identification of separated products after the reaction. The utility of the receptor is extended for endogenous as well as for exogenous detection of H~2~S in HeLa cells and applicable in zebrafish imaging.

Experimental Section {#sec4}
====================

Materials and Instruments {#sec4.1}
-------------------------

1-Pyrenecarboxaldehyde and *p*-toluenesulfonylhydrazide were purchased from Sigma-Aldrich and used as received. The solvents used for synthesis and photophysical studies were of spectroscopic grade. For photophysical studies, double-distilled water was used, and the pH of water was 6.7 and conductivity was 30 dS/m. For the stock solution of all anions, tetrabutylammonium salts were purchased, and for all cations, chloride salts were used. Sodium sulfide was used as an H~2~S donor, purchased from Sigma-Aldrich, and was used as received. A Bruker DRX-300, an Agilent Unity INOVA-500, and a Bruker Ascend 500 NMR spectrometer were used for NMR characterization. UV--vis spectra were obtained using an Agilent 8453 UV--vis spectrometer. Fluorescence spectra measurements were obtained from the Hitachi F-7000 fluorescence spectrophotometer. Lifetime measurement studies were done using the Horiba DeltaTime instrument coupled with a time-correlated single-photon counting system. Fluorescence images were taken on a Leica TCS SP5 X AOBS and a Leica TCS SP5 II confocal fluorescence microscope.

Spectroscopic Procedures {#sec4.2}
------------------------

The stock solution of the receptor "PBSH" (1.0 × 10^--3^ M in DMSO) was prepared and kept at room temperature. Then, the stock solution was diluted with 100% H~2~O to a final concentration of 2.5 × 10^--5^ M for spectral analysis. All anions, cations, and RSS stock solutions were prepared at the concentration of 5 × 10^--3^ M in water.

Synthesis of PBSH {#sec4.3}
-----------------

In a hot-dry 100 mL, round-bottom flask, 15 mL of ethanolic solution of 1-pyrenecarboxaldehyde (460 mg, 2 mM) was prepared and a catalytic amount of glacial acetic acid (100 μL) was added. The resultant acidic mixture was stirred for 10 min and then 5 mL ethanolic solution of *p*-toluenesulfonylhydrazide (400 mg, 2.1 mM) was added dropwise over a time period of 10 min. The resultant mixture was set for reflux for 3 h. The reaction mixture was cooled to room temperature, followed by the addition of 20 mL of diethyl ether and kept at room temperature for 12 h. A greenish-yellow precipitate was obtained, which was separated through filtration and washed with hot water and hot ethanol, and then the product was dried in a vacuum oven. The compound was further purified by recrystallization in the methanol--ACN medium. The yield of the reaction is 357 mg (90%) ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}).

Melting point: (189--190) °C.

FT-IR (ν/cm^--1^): 3449 (−S--OH), 3025(−NH), 1594 (C=N, azomethine) ([Figure S15](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

^1^H (500 MHz; DMSO-*d*~6~; Me~4~Si): δ 8.89 (s, 1H), 8.65 (d, 1H), 8.3--8.09 (m, 8H), 7.9 (d, 2H), 7.4 (d, 2H), 2.3 (s, 3H) ([Figure S16](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

^13^C ppm (120 MHz; DMSO-*d*~6~; Me~4~Si): 146.69, 144.05, 136.68, 132.35, 131.27, 130.54, 130.22, 129.24, 128.94, 128.69, 127.86, 127.8, 127.1, 126.73, 126.61, 126.26, 125.77, 125.6, 124.5, 124.14, 122.96 and 21.47 ([Figure S17](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

LCMS (ESI-MS) *m*/*z*: calcd for C~24~H~18~N~2~O~2~S, 398; found, 399 \[M + H\] ([Figure S18](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf)).

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c02963](https://pubs.acs.org/doi/10.1021/acsomega.0c02963?goto=supporting-info).Spectroscopic characterization details of the receptor PBSH; various experimental procedures; comparison table of recent publications; polarity index of various solvents; and unit cell and supercell packing of PBSH ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02963/suppl_file/ao0c02963_si_001.pdf))
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